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STUDIES  AND  EXPiR  -rlXTS  OF  RAD IOKICROB IOLOGY 


III 


.  Topographic  Distribution  of 

I  in  Responsive 


the  Staphylococcal  Enterotoxin  Labelled 
Animals  (young  cats) 


(C.  Arghittu,  L.  Lcazerini  and  K.  Rossi-Torelli) 


The  staphylococcal  enccrutoxin  (E.S.)  has  recently  been  pari" 
fled  by  Bergdol,  Sugiyama  and  Dack  (2).  Its  molecular  weight  is 
24,000  and  its  chemical  composition  includes  seventeen  ami no- acids  the 
most  abundant  of  which  are  aspnrtic  acid,  lysin  and  thyroxin. 


Pure  staphylococcal  enterotoxin  is  endowed  with  antigenic  proper¬ 
ties  and  therefore  yields,  with  the  corresponding  anti-serum,  s  series 
of  precipitates  which  can  be  tunic  discernable  by  means  of  the  technique 
of  Oudin  and  Ouchterlony. 


The  points  of  attack  of  staphylococcal  enterotoxin  on  sensitive 
animals  are  poorly  known.  The  mechanism  of  action  o*  the  enterotoxin  in 
provoking  the  gastroenteric  syndrome  has  not  yet  been  clarified  sufficient 
ly  to  say  whether  it  is  in  the  form  of  a  stimulus  of  the  central  nervous 
system,  or  a  peripheric  stimulus  at  the  level  of  the  gastric  and  in¬ 
testinal  mucous. 


As  a  result,  it  has  appeared  useful  to  start  §  series  of  tests 
and  experiments  using  an  enterotoxin  marked  with  various  radio¬ 
isotopes,  in  An  attempt  to  contribute  to  the  study  of  this  problem*  which 
la  atill  unsolved.  In  this  first  experiment  we  refer  to  the  results 
achieved  when  using  enterotoxin  marked  with  I***. 

MATERIALS  AND  METHODS 
Enterotoxic  staphylococci  stock 

We  have  used  in  our  experiment  stock  Ho.  243,  t*hich  had  been 
kindly  provided  by  Dr.  Casman,  of  the  Food  &  Drug  Administration  in 
Washington,  D.  C.  That  germ  had  been  isolated  from  a  hotbed  of  enteritis 
and  had  appeared  particularly  coxigenous  in  many  biological  toxigenity 
testa  which  wo  carried  out  on  young  cats. 

Culture  flltratea  of  stock  243,  treated  at  100°  during  30  minutes, 
and  inoculated  intraper 1 tones 1 ly ,  have  constantly  caused  vomiting  end 
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dUrrhu  followed  by  a  state  of  depression  leoag  a  high  psrcwtsgl 
of  rhf  inaeuUf«4  kittens. 

Culture  — rliuu  and  production  o:  cnecrotoxin 

He  have  used  a  liquid  ground  constituted  as  follows:  Sac to 
Castnino  Acids  (Oifco)  13  gr.:  Nicotinic  acid  0.00121  gr. ;  Thiamine 
0.00003  gr.;  and  glucose  2.23  gr.  per  liter.  The  li""!**  ground  was 
poured  into  10  liter  Pyre*  glass  vats  which  had  been  sterilised  la 
, autoclave  during  30  minutes.  The  seeding  of  the  vata  with  fresh 
culture  of  12  hours  developed  in  broth  nade  from  heart  ead  brains. 
Incubation  in  tberaostat  at  37°  per  3  gg.  with  continuous  agitation 
'of  the  cultures  with  pallets,  and  with  a  continuous  flow  of  a  gas 
Mixture  node  up  of  901  oxygen  and  101  carbon  aatoydrido.  Centri¬ 
fugation  and  filtration  of  cultures  by  Salts.  Treatment  of  the  float¬ 
ing  part  at  100°  during  30  ninutaa. 

Purification  of  onterotoxin 

Vo  have  followed  the  method  described  by  Sorgdol  and  his  col¬ 
leagues  (2),  Modifying  it  the  first  time  as  followe: 

-  20  liters  of  bacterial  filtrate  (the  gerns  have  been  removed  by 

filtering  through  Salts)  hove  been  treated  for  30  Minutes  at  100°. 

He  have  then  added  to  it,  drop  by  drop,  l^SC^lN  until  a  194  pH 
Hatriwu  Motophoophato  of  3.3,  controlling  Meanwhile  the  temperature 
of  the  nlxture  so  that  it  should  not  surpass  l°t  At  the  and  of  this 
operation,  we  added  for  each  liter  of  nlxture  5  gr.  of  Hyde  super 
ceil,  whereupon  the  suspension  was  submitted  to  stirring  during  1  hour 
at  0*.  The  suspension  was  collected  by  filtration  aver  a  layer  of 
Myfls  super  cell  (1  gr. /liter)  ac  a  temperature  of  4°.  The  preci¬ 
pitate  has  been  amtractad  is  three  separate  extract leoe  with  a  total 
of  3  ec  of  RtjfK^  0.0M  per  tacr.  gram  of  Hyfio  used. 

In  the  see  end  and  third  tine  the  not  bod  of  Isrgdsl  was  fell  awed 
eleeely.  After  precipitation  witn  ethanol  it  has  not  hose  possible 
altiSMtsly  to  purify  staphylococcal  ontsretomla  boeauoe  the  amount  of 
the  substance  which  had  been  obtained  was  too  snell. 

Table  2 

Ba opens  a  of  Cho  Cats  to  the  Administration  of  Partially  Purified  tataro 

toxin  Preparations 


Sanplo  pre  sins  treated 

j 

Bacterial  filtrate  for 

W  at  IBf*  C  *90  4  , 


Amsunt  Ain.  tsepemee 

fndsporltomnelly  (vsmitiag, 

- IkMYfcM) 
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Gc..  i.a  c c  Xusbar  of  Aaatmt  Kim.  Response 

proccin*  truttd  Badoparltono ally  (vonitlag. 


Eluted  liyfl©  Supor  Call 
diallzed  against 
diatillod  HjO 


Eluted  aiunins  eol 
dialized  against 
distilled  HjO 


Precipitate  with  alcohol 
dialized  againat 
diatillod  H2O 


Harking  enterotoxin  with  X 

The  lyph listed  sanple  of  enterotoxin  haa  boon  brought  back  in 
cue pen* ion  with  a  • topped  eolution  of  sodiu*.  phosphate  and  haa  boon 
narked  with  I*  ,  according  to  cue  technique  daacribod  by  Cllnore  and 
collaaguca  (3).  The  amount  of  i131  enployad  waa  1  nc.  After  the  loot 
period  of  the  process  and  after  chc  dialiaes,  the  radioactivity  of  the 
aanple  haa  bean  aaaaurad  by  tcans  of  a  perforated  sc iat 11 lone ter  and  waa 
found  to  be  lfbOO,OQQ  c/n  per  cc.  It  is  interest lag  to  stress  the  fact 
that  the  process  of  narking  onte.otoxin  uith  Iu‘  hoe  net  altered  the 
specific  property  of  the  toxin,  inasnuch  ea  all’tha  cats  loo  Belated  with 
narked  eaterotonia  have  shewn  within  two  hours  of  the  injection  rap  anted 
vent ring  and  diarrhea. 


10  young  cats  were  used,  wnosa  average  weight  wee  1331  grans  and 
who  were  divided  into  five  groups  of  two  aninals.  The  snail  anker  of 
aaiatnls  in  each  group  wee  Inperativa  because  of  the  notable  difficulty 
of  finding  simultaneously  a  substantial  aunber  of  young  eats,  la  each 
group  one  cat  waa  injected  incraperlteneally  with  4.9  cc  of  narked 
enterotoxin  ceetaining  a  radioactivity  of  9,440,000  e/n,  while  the  ether 
cat,  who  served  as  control  no  Um  1 ,  was  injected  with  lotion  of  I*** 

containing  oqwal  activity.  The  groups  wars  pet  to  death  1/2  hsnr, 

1,  2,  4,  24  hsurs  after  the  inoculation.  The  following  extractions 
wars  effected  free  each  eat:  blood,  enesphaloa,  atsnaeb,  thin  intestine, 
liver,  apiece,  suprarenal  capsules ,  kidneys.  The  radioactivity  of 
aenples  of  single  organa  was  datamined  in  a  perforated  scintillator 
soanoctad  with  an  analyser  of  inpulses,  la  order  to  he  able  to  study 
better  the  dletrlhwtlea  of  eeteracenin  U  the  various  sestisaa  of  the 
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c«at?tl  nervous  system,  the  .oii.ving  detenu  nations  wore  constantly 
followed  there:  one  in  the  telccephalon,  one  in  the  was  encephalon, 
one  in  the  bridge  and  bulb  and  one  in  the  cerebellun.  The  radioactivity 
in  the  siegle  organs  sad  tissues,  expressed  in  shots  gr/ein.  sad  la 
person taga  of  tha  iajectod  dose  is  given  in  the  following  table. 

T^>le  1 


had  inactivity  ef  Various  Organs  of  Animals  Treated  with  Harked  Toxin 
and  ef  dai— Is  Serviag  as  Controls  Sacrificed  et  Various  Intervals 

After  the  Inoculation 


1st  group  (1/2  hours  after  inoculation) 


ai£jj  Entcrotoplq  figayal  AbAmU 

en/gr  %  ot  injected  ca/gr  %  of  in- 


i£»£ _  _ 


Bleed 

4307 

0.042 

21791 

0.21 

Teltac  ephel— 

245 

0.0C24 

2435 

,  0.0239 

Meee— ephelea 

229 

0.0022 

935 

0.0022 

Bridge  and  hwlh 

249 

0.0024 

1405 

0.0134 

Cerehell— 

224 

0.0022 

1622 

0.016 

Thyroid 

1910 

Q.01* 

.  7049 

0.049 

Leag* 

1732 

0.017 

15047 

0.149 

■cart 

1542 

0.015 

•449 

0.04 

Staaach 

11145 

0.11 

4B349 

0.476 

This  intact  i— 

3990 

0.039 

13757 

0.135 

Liver 

4130 

0.06 

13424 

0.134 

gpleeo 

9110 

0.009 

12670 

0.125 

Kidneys 

13254 

0.13 

14441 

0.144 

Suprarenale 

34579 

0.34 

13504 

0.133 

Brins 

10574 

0.1 

1914 

0.0114 
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Ohservtag  the  decs  shown  on  ths  tsbls  sod  the  nova— r  of  radio¬ 
activity  la  function  ef  tins  for  any  single  organ  or  tisane,  which  result 
free  the  graphs  shewn  here,  the  ini lowing  is  noticed: 

l.  The  radioactivity  of  the  controls,  at  the  various  periods  of  the 
enparl— ,  is  net ably  higher  titan  the  radioactivity  of  the  cats  treated  with 
aateretenle,  in  si— at  ell  the  organa  and  tissues  which  were  eens  dered, 
a— apt  in  the  hides ys  end  in  the  suprarenal  cap— 1—.  This  higher  radio¬ 
activity  ef  the  centrals  mat  b«  attributed  te  e  —re  rapid  abeecblten  and 
te  e  —re  rapid  distrlhwtlsa  ef  the  radioactive  Xedi— ,  which,  in  this 
grasp  ef  esl— Is,  is  fir—  la  the  peritoneal  cavity,  while  in  the  grwwp 
ef  —I— Is  who  had  ha—  tr— ted,  that  is  finely  tied  ns  the  big  —la— It 
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of  unterotoxln,  which  is  abso.ooc  slowly 

That  interpretation  is  in  conformity  with  the  course  of  the 
curve  of  total  absorbtion,  expressed  in  percentage  of  the  injected 
dose,  in  the  groups  of  animals  both  of  those  treated  with  enterotascin  and 
of  those  kept  as  controls.  Gcnpi.  No.  5  shows  clearly  that  the  abeo.Tbtlon 
and  the  distribution  in  tine  of  radioactivity,  in  animals  of  the  firet 
r.roup,  are  slower  and  sure  uni  fora  than  in  the  case  of  those  of  the  second 
group  (controls)  in  whom  a  rmic  rise  of  radioactivity  took  piece  end  one 
followed  by  a  rapid  fall  in  radioactivity. 

It  seems  then  that  finding  a  high  level  of  radioactivity  in  the 
kidneys  and  in  the  suprarenal  capsules  of  the  animals  treated  with  enter o- 
toxin  is  particularly  significant ,  inasmuch  as  it  appears  to  indicate 
a  specific  localisation  of  the  enterotoxin  in  those  two  organs ,  which 
would  thus  take  the  role  of  targets  or  points  of  attaek  of  the  venom. 

The  hypotension,  the  dejection  and  the  prostration  which  always  iiunmpsny 
the  other  symptoms  which  characterize  the  gas tro- enteric  syndrome  of  amt  saw 
toxin,  could  be  the  expression  of  an  acute  insufficiency  of  suprarenal 
capsules  caused  by  the  localization  and  by  the  attack  ox  the  tom km. 

2.  Radioactivity  at  the  level  of  gastric  mucous  and  the  mucous  of 
the  thin  intestine,  is  very  high  both  in  the  controls  and  in  the  treated 
animals.  That  phenomenon  is  explained  with  the  normal  metabolic  comportment 
of  the  Iodine,  which  is  normally  eliminated  through  the  gea tire enteric 
mucous  membrane. 


3.  The  radioactivity  of  the  encephalic  ness  is  ocarce  and  uni¬ 
formly  distributed  in  the  two  groups  of  animals.  It  seems  possible  to  de¬ 
duce  from  this  observation  that  there  are  no  special  encephalic  semes  and 
centers  where  the  enterotoxin  would  be  localised  and  where  it  would  exercise 
its  specific  action  (unless  one  <incs  not  wish  to  suppose  that  amterotoaxim 
would  act  in  minima  doses  on  certain  recipients).  The  emetic  effect, 
which  is  the  mein  end  the  most  characteristic  of  the  effects  of  entero- 
toxin,  would  then  have  to  be  attributed  to  an  action  of  peripheric  stimu¬ 
lation  at  the  level  of  gastrointestinal  mucous  membrane  rather  them  to  e 
central  stimulation  action  at  the  level  of  the  encephalitic  canters  of 
vomiting. 

The  results  we  have  expounded  are  not  final.  They  need  ulterior 
controls  and  reposted  conformity.  It  is  our  intention,  therefore,  to 
continue  mar  experiments ,  repeating  the  study  of  the  distribution  of  eatere- 
towla  marked  with  ether  radioisotopes. 
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Graph  No.  2 

Comportment  of  Che  radioactivi cy  in  function  of  time  in  the 
lungs  of  young  cacs  after  administration  of  enCaroCoxin  narked 
ll3l  awi  0i  aolutlon  of 


X  of  Injected  dose 


Encerotoxln 

triMtoiunal1*1 
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Craph  No.  3  Coaportaent  of  radioactivity  in  function  of  t fate 
In  the  heart  of  young  cat-  after  adainistratios  of  anterotoxin 
aarkad  I1Ji  and  of  solution  of  I131. 
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Craph  Mo,  11  CoaporCMoc  cu  r*diooccivity  In  function  of  tin* 
in  tho  nanoeaphaloa  of  young  cat*  aftar  administration  of 
•HworocoKia  mtM  I131  ana  of  solution  of  IU*. 


